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SUMMAEY 



Studies were made of the air movements in the N.A.C.A. 
glass-cylinder apparatus using cylinder heads similar to 
those on the Wright R-1820-G engine and the Pratt & Whitney 
Wasp engine as modified by the Eclipse Aviation Corporation 
■to use fuel-injection equipment. The air movements were 
made visible by mixing small feathers with the air; high- 
speed motion pictures were then taken of the feathers as 
they swirled about inside the glass cylinder. The test- 
engine speeds were 350, 500, and 1,000 rpm. Motion pic- 
tures were also taken of gasoline sprays injected into the 
cylinder during the intake stroke. 

The air flow produced by each cylinder head is de- 
scribed and some results of the velocity measurements of 
feathers are presented. The apparent time intervals re- 
quired for vaporization of the gasoline sprays are also 
given. 

INTRODUCTION 



In the design of spark-ignition engines employing fuel 
injection, the' principle is well established that air move- 
ment greatly assists the mixing of the fuel and the air and 
thereby improves engine performance. (See reference 1.) 
In a previous report (reference 2) it was shown that air 
movements in an engine cylinder could be controlled to a 
large extent by the use of shrouded valves and to a lesser 
extent by the shape of the intake-air passage. The purpose 
of the present tests was to determine the direction and ve- 
locity of the air flow in an engine cylinder when heads 
similar to those on two modern radial aircraft engines were 
used. One of the heads was similar to that used on the 
Wright R-1820-G engine", and the other was similar to that 
developed by the Eclipse Aviation Corporation for use with 
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a Pratt & Whitney Wasp engine equipped, with a fuol-injec- 
tion system. Previous tests had indicated that the R-1820-G 
engine had an unusually high degree of air turbulence, and 
the Wasp engine had been modified for the express purpose 
of creating a certain air movement. 

The tests described in this report were made in 1939 
with the EF.A.C.A. glass-cylinder apparatus at the Committee's 
Langley Pield laboratories. 



APPARATUS 



The glass-cylinder apparatus used for this investiga- 
tion has been described in reference 2. Briefly, it con- 
sists of .a single-cylinder test engine modified by the in- 
sertion of a glass cylinder between the top of" the steel 
cylinder and the lower edge of the cylinder head. The in- 
side diameter of the glass cylinder is the same as that of 
the steel one, and its length is equal to the stroke of the 
■engine. A hollow aluminum extension of the engine piston 
moves within the glass cylinder with a radial clearance of 
0,016 inch. 

The mechanical details of the apparatus have been 
somewhat altered for the present tests. As shown in fig- 
ure 1, the valves are now operated by push rods and rocker 
arms. A single steel casting forms the engine cylinder and 
the support for the glass cylinder. Pour openings in' tho 
casting permit observation of the inside of the glass cyl- 
inder during operation. 

Sectional and plan views of the two cylinder heads 
used are shown .in figures 2 and 3.. AH dimensions for the 
insides of the heads, the valves, and the intake and exhaust 
passages were obtained by scaling down the dimensions of the 
corresponding aircraft engine by the ratio of the bore of 
the glass cylinder to the bore of the aircraft-engine cyl- 
inder. Outside dimensions of "the heads are of no importance 
in this case. The aircraft-engine heads themselves were 
not used because it was impracticable to obtain new glass 
cylinders, steel cylinders, and pistons of the proper diam- 
eter s ... 

The head shown; in figure 2, typical of those used on 
present air-cooled radial engines, has a hemispherical head 
and two large valves; In' this head, however, the angle be- 
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tween the center line of ..the intake passage and the plane 
containing the center lines of the valve stems is only 
36° instead of the usual 90°. Spark-plug holes were 
omitted,, out an extra hole in the center of the head was 
made so that a fuel-injection valve'cotild be installed. 

The head shown in figure 3 was scaled down from a 
Pratt & Whitney Wasp modified by the Eclipse Aviation 
Corporation for use with their fuel-injection equipment. 
The intake-valve seat is higher than the exhaust-valve 
seat, -and a ledge (marked A in fig. 3) protrudes inward 
at the bottom of the head and extends for about 50° on 
either-side of the plane shown in the sectional view. 
Spark-plug holes were again omitted, but in this case the 
hole for the injection valve is in the same position as in 
the aircraft-engine head, to one side of the center and 
slanting . inward. The only prominent feature of the air- 
craft engine not copied in the glass-cylinder apparatus is 
a series of concentric grooves in the top of the' piston. 
Their purpose is to catch and vaporize any liquid fuel 
from the injection valve reaching the piston, and their 
effect on the air flow within the cylinder is negligible. 

The bore of the glass-cylinder apparatus is 5 inches, 
the stroke is 7 inches, and in these tests the connecting- 
rod length was 14—3/4 inches. The valve timing was ad- 
justed for each head to be as near as possible to that of 
the ■ corresponding aircraft engine. 

The fuel-injection valve used for both heads is that 
supplied by the Eclipse Aviation .Corporation for use with 
their modification of the Wasp engine. It produces a , 
hollow conical spray with a divergent angle of about 300. 
A valve-opening ' pres sure of 600 pounds per square inch was 
used. 

The timing of the intake and the exhaust valves and 
of the injection valve is given in table I for each of the 
two heads. 
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. - • TABLE I. 



.Valve and . Fuel.-Ih jection Timings 



Condit ions 


R- 


1820-G 


Eclipse-Wasp 


Intake valve opens ,: 


■ 20° 


3.0?. C. 


• • 27° 


B.T.C. 


\ Intake valve closes. . 


. 30° 


A.3..C. 


" 81° 


A. B.C. 


Exhaust valve opens.' 


- 90° 


A.T.C.. . 


..- 100° 


A. S.C. 


• Exhaust valve closes 


10° 


B . T . c * : • 


"■ 14° 


A.T.C 


Euel injection "begins 


50° 


a* t.c. 


50° 


A.T.C. ■ 


Fuel injection ends. 


95° 


A.T.C. 


130° 


A.T.C. 



■ TESTS 

The test method was the sane as that described in'- 
reference 2. The engine, was driven at a constant speed 
by a large electric motor, and small particles of white 
goose down were -mixed with the incoming air. A high-speed 
motion-pietxire camera, taking pictures at a rate of more 
than 2,000. fiames per second', recorded the motion of the 
feathers as they passed through the engine. When these 
pictiires were projected at the usual rate . of 16 per second, 
the velocities of the feathers appeared to be less than 
1 percent of their actual velocities, e,nd their motion 
could be studied and -analyzed* Pictures were also taken 
of gasoline sprays injected, into the cylinders. Engine- 
test speeds were 350, 500, and 1,000 rpm. 

for the R-1820-G head, motion pictures were taken 
with the camera axis in the plane of the valve stems, but 
for the Eclipse-Wasp head, pictures were taken from that 
position and also from a. position at right angles to it. 
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RESULTS. 'AND DISCUSSION 
R-1820-G Head 



The results of spme ,b'f ' the tests described in refer- 
ence 2 led to the expectation that the unusual angular 
position of the intake .passage of. the R-1820-G- head would 
result in rapid rotation of the air about the cylinder 
axis, 'but the notion pictures showed that only a very slow 
rotation of the charge was "built' up during the.' second' half 
of the .intake stroke and that the rotation continued at a 
slowly reducing rate for the rest of the cycle. The rate 
of rotation was not measured, but it v/as not more than 
once per engine revolution. The air in the cylinder was 
in a very turbulent state, however, during the intake 
stroke but most of the turbulence died out during the com- 
pression stroke.,- 

Air-flow velocities were determined by prcjepting the 
motion pictures one at a time and measuring the distances 
that 'various feathers had moved in the interval between 
pictures. The results are shown for the three test speeds 
in figure 4. ' A discussion of the errors involved in this 
method of measuring the air velocity is given in reference 
2. In the computation of the air velocity at the inlet 
valve, the air was assumed to be inelastic. A comparison 
of figure 4 with the figures in reference 2, which give 
air velocities . in the Jt.A.C.A. universal test-ongine head, 
shows' that both the air. velocity at the inlet valve and 
the feather velocities were about 20 percent higher for the 
R-1820-G head than for the test-engine head. 

Motion pictures of gasoline sprays injected from a 
valve in the center of the head showed that the sprays did 
not impinge on the piston or the cylinder walls, and that 
the turbulence .of the air broke up the spray very quickly 
after the end of the injection period. Complete clearing 
of, all fuel mist from the air in the cylinder v/as taken as 
an indication of complete fuel vaporization; the crank 
angles at, which such clearing occured are given in table 
II. 
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TABLE II 



Crank Angles for jFuel Vaporization 



Bnglne 


.Engine 
speod 

(rpm) 


Crank angle at 
which cylinder 

clears 
(deg B.T.C. on 
compression 3troke) 


Time after end 
of injection 


Crank 
dog 


sec 




350 


97 


136 


0.065 


R-1820-G 


500 


84 


144 


.048 




1,000 


63 


166 


.028 


Hclipsc- 
Vasp 


350 
500 


129 
121 


133 
143 


.053 
.048 




1,000 


99 


167 


.028 



3clipse-.fe.sp Head 

The Eclipse-rfasp head employs. a partially masked in- 
let valve. The air movement in the cylinder was, there- 
fore, expected to he similar to that obtained with the 
N.A.C.A. universal test-engine head when both inlet valves 
were turned so that the shrouds on them were nearest the 
cylinder ;*all. (See arrangement ! or £J of reference 2.) 
The motion pictures showed that the air movement obtained 
with the' Eclipse-Wasp head was very similar to that ob- 
tained with the shrouded valves in the universal head. 
After leaving the intake port, the air moved across the 
top of the cylinder towards the exhaust-valve head, thence 
down to the piston, across it, and back up to the top of 
the cylinder again. The movement was less rapid than it 
was with the universal head and more turbulence was pres- 
ent. The air movements created during the intake stroke 
continued throughout the compression stroke but at reduc- 
ing velocities. During the last two strokes of the cycle, 
however, the only air movement was a slight turbulence. 

Gasoline sprays injected from the position in the 
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cylinder head shown in figure 3 were "broken up in about 
the same time as they were in the R-1820-G head; and the 
data in table II indicate, at each test speed, that the 
vaporization time was about the sane in the two cylinder 
heads. 

Air velocities at the three test speeds are shown in 
figure 5. The velocities through the inlet valve and the 
measured air velocities are both about 30 percent lower 
than for shroud arrangement- E in the universal test-engine 
head (reference 2). 



COHCLUSIOFS 



1. The air movement in an engine cylinder using a 
head similar to those on a Wright R— 1820-G engine was very 
turbulent during the intake stroke. During the second 
half of the intake stroke, a very slow rotation of the air 
about the cylinder axis began. The turbulence died out 
during the compression stroke, but the rotation continued 
at a reducing rate until the end of the cycle. 

2. The air movement in an engine cylinder using a 
head similar to those on an Eclipse modified Wasp engine 
took the form of a vertical loop during the intake and 
the compression strokes; some turbulence was also present. 
The loop movement died out before the beginning of the 
expansion stroke, leaving only a slight turbulence. 

3. There appeared to be no difference in the time 
required for vaporization of gasoline sprays injected in- 
to the cylinder when the R-1820-G and the Eclipse-Wasp 
heads were used. 



langley Memorial Aeronaixtical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, 7a., May 24, 1940. 
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Fig. 1. 




Figure 1.- Glass-cylinder apparatus with owirl-induoing head. 




Figure 2.- Swirl-inducing head similar to that used on the Wri.jht R-1820-G engine. 




Figure 3.- Swirl-inducing head similar to that developed by the Eclipse Ariatim 
Corporation for use with the Pratt & Whitney Wasp engine. 
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Fig. 4. 



100 




50 400 440 480 520 560 600 640 680 720 400 440 480 520 560 600 640 680 720 
Expansion Exhaust 360 Expansion Exhaust 

Crank angle, deg 

(a) Engine speed, 350 r p m (b) Engine speed, 500 r p m (c) Engine speed, 1,000 r p m 
Figure 4 a to c- Velocities of feathers when using R-1820-G head. 
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Fig. 5. 




360 400 440 480 520 560 600 640 680 720 400 440 480 5SO 560 600 640 680 720 
Expansion Exhaust 360 Expansion Exhaust 

Crank angle, deg 

(a) Engine speed, 350 r p m (b) Engine speed, 500 r p m (o) Engine speed, 1,000 r p ra 
Figure 5 a to c- Velocities of feathers when using Eclipse-Wasp head. 



